Tangible user interface for pre-school children learning by Runcev, Kostadin et al.
UNIVERSITY OF NOVI SAD 
TECHNICAL FACULTY ”MIHAJLO PUPIN” 
ZRENJANIN 
REPUBLIC OF SERBIA 
 
 
 
 
 
 
VIII INTERNATIONAL CONFERENCE OF 
INFORMATION TECHNOLOGY AND 
DEVELOPMENT OF EDUCATION 
ITRO 2017 
PROCEEDINGS OF PAPERS 
 
 
 
 
 
 
VIII MEĐUNARODNA KONFERENCIJA 
INFORMACIONE TEHNOLOGIJE I 
RAZVOJ OBRAZOVANJA 
ITRO 2017 
ZBORNIK RADOVA 
 
 
 
 
 
 
ZRENJANIN, JUNE 2017 
International Conference on Information Technology and Development of Education – ITRO 2017 
June, 2017. Zrenjanin, Republic of Serbia 
 
II 
Publisher and Organiser of the Conference: 
University of Novi Sad, Technical faculty „Mihajlo Pupin”, Zrenjanin, 
Republic of Serbia 
For publisher: 
Dragica Radosav, Ph. D, Professor, Dean of the Technical faculty „Mihajlo 
Pupin”, Zrenjanin, Republic of Serbia 
Editor in Cheaf - President of OC ITRO 2017: 
Dragana Glušac, Ph. D, Professor,  
Proceedings editors: 
Marjana Pardanjac, Ph. D, Professor, Ivan Tasic, Ph. D, Professor; 
Dijana Karuovic, Ph. D, Professor; Erika Eleven, M.Sc, Assistant; 
Dusanka Milanov MSc, Assistant 
Lecturer: 
Erika Tobolka, Ph. D, Professor 
Printed by: 
Printing office Donat Graf d.o.o, Mike Alasa 52, Beograd 
Circulation: 50 
ISBN: 978-86-7672-302-7 
 
By the resolution no. 142-451-2481/2017-01/02, Autonomous Province of Vojvodina, 
Provincial Secretariat For Science and Technological Development donated financial means 
for printing this Conference Proceedings. 
 
The Conference is supported by the Autonomous Province of Vojvodina 
CIP - Каталогизација у публикацији  
Библиотека Матице српске, Нови Сад  
 
37.01:004(082)  
37.02(082)  
 
INTERNATIONAL Conference on Information Technology and Development 
of Education ITRO (8 ; 2017 ; Zrenjanin) 
        Proceedings of papers / VIII International Conference on Information 
Technology and Development of Education ITRO 2017 = Zbornik radova = VIII 
Međunarodna konferencija Informacione tehnologije i razvoj obrazovanja ITRO 
2017, June 2017, Zrenjanin. - Zrenjanin : Technical Faculty "Mihajlo Pupin", 2017 
(Beograd : Donat graf). - XIII, 290 str. : ilustr. ; 30 cm  
 
Tekst štampan dvostubačno. - Tiraž 50. - Str. VI: Introduction / Dragana Glusac. - 
Bibliografija uz svaki rad.  
 
ISBN 978-86-7672-302-7  
 
a) Информациона технологија - Образовање - Зборници b) Образовна 
технологија - Зборници  
COBISS.SR-ID 315769095  
International Conference on Information Technology and Development of Education – ITRO 2017 
June, 2017. Zrenjanin, Republic of Serbia 
 
III 
 
PARTNERS INTERNATIONAL CONFERENCE 
 
 
South-West University „Neofit Rilski” 
Faculty of Education, Blagoevgrad, 
Republic of Bulgaria 
 
 
 
Faculty of Electrical Engineering and Informatics 
Department of Computers and Informatics of Kosice 
Slovak Republic 
 
 
 
University Goce Delcev Stip 
Republic of Macedonia 
 
 
  
International Conference on Information Technology and Development of Education – ITRO 2017 
June, 2017. Zrenjanin, Republic of Serbia 
 
IV 
 
THE SCIENCE COMMITTEE: 
Dragoslav Herceg, Ph.D, Professor, Faculty of Science, Novi Sad, Serbia – Chairman 
Marina Čičin Šain, Ph.D, Professor, University of Rijeka, Croatia 
Anton Vukelić, Ph.D, Professor, Faculty of Philosophy, Croatia 
Ion Dzitac, Ph.D, Professor, Department of Mathematics-Informatics, Aurel Vlaicu University of 
Arad, Romania 
Sashko Plachkov, Ph.D, Professor, South-West University "Neofit Rilski" /Department of 
Education, Blagoevgrad, Republic of Bulgaria 
Sulejman Meta, Ph.D, Professor, Faculty of Applied Sciences, Tetovo, Macedonia 
Márta Takács, Ph.D, Professor, Óbuda University, John von Neumann Faculty of Informatics, 
Budapest, Hungary 
Nina Bijedić, Ph.D, Professor, Applied mathematics, Bosnia and Herzegovina 
Viorel Negru, Ph.D, Professor, Department of Computer Science, West University, Timisoara, 
Romania 
Mirjana Segedinac, Ph.D, Professor, Faculty of Science, Novi Sad, Serbia 
Milka Oljača, Ph.D, Professor, Faculty of Philosophy, Novi Sad, Serbia 
Dušan Starčević, Ph.D, Professor, Faculty of Organizational Sciences, Belgrade, Serbia 
Dobrivoje Mihajlović, Ph.D, Professor, Faculty of Organizational Sciences, Belgrade, Serbia 
Kosta Voskresenski, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Josip Ivanović, PhD, Professor, Hungarian Language Teacher Training Faculty, Subotica, Serbia 
Ivanka Georgieva, Ph.D, South-West University "Neofit Rilski", Faculty of Engineering, 
Blagoevgrad, Republic of Bulgaria 
Miodrag Ivković, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Momčilo Bjelica, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Dragica Radosav, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Dragana Glušac, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Dijana Karuović, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Ivan Tasić, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Vesna Makitan, Ph.D, Assistant Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Marjana Pardanjac, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Snežana Babić Kekez, Ph.D, Professor,Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Erika Tobolka, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Stojanov Željko, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Brtka Vladimir, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Kazi Ljubica, Ph.D, Assistant Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Berković Ivana, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Nikolić Milan, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
International Conference on Information Technology and Development of Education – ITRO 2017 
June, 2017. Zrenjanin, Republic of Serbia 
 
VIII 
 
 
CONTENTS 
 
 
M. Mabić , F. Dedić , N. Bijedić, D. Gašpar 
DATA MINING AND CURRICULUM DEVELOPMENT IN HIGHER 
EDUCATION ............................................................................................................... 1 
 
S. Brkanlić, M. Ćirić, E. Breso 
THE IMPORTANCE OF COMMUNICATION SKILLS OF EMPLOYEESIN 
HIGHER EDUCATION INSTITUTION FOR ACHIEVING STUDENTS 
SATISFACTION  ......................................................................................................... 7 
 
B. Sobota, L. Jacho, Š. Korečko, P. Pastornický 
EXPERIMENTAL VIRTUAL REALITY SPACE FOR SMART 
ENVIRONMENT DEVELOPMENT .........................................................................  11 
 
B. Delipetrev,E. Deleva 
HYBRID MOBILE AND CLOUD APPLICATION FOR MACHINE 
MAINTENANCE  ......................................................................................................  15 
 
D. Mitova, Ly. Zoneva 
INTERACTIVE ENVIRONMENT FOR TECHNOLOGY AND 
ENTREPRENEURSHIP LEARNING THROUGH THE MEANS OFINFORMATION 
EDUCATIONAL RESOURCES IN THE SECONDARY EDUCATION  ..................  20 
 
S. Babić-Kekez, M. Josić, E. Eleven 
PUPILS’ WORKLOAD BY EDUCATIONAL CONTENT OF TECHNICAL AND 
IT EDUCATION  .......................................................................................................  25 
 
B. Sobota, D. Petríková, Š. Korečko, L. Jacho, P. Pastornický 
AUGMENTED REALITY AND SYMBOLIC-TEXT METHOD IN AN EDUCATION 
OF DISABLED CHILDREN ....................................................................................... 29 
 
M. Kocaleva, B. Zlatanovska, A. Stojanova, N. Stojkovikj, V. Gicev 
WAVE EQUATION WITH DIRICHLET BOUNDARY CONDITIONS  ..................  34 
 
I.Georgieva, F.Tsvetanov 
PREREQUISITES FOR DUAL EDUCATION IN ENGINEERING  .......................... 38 
 
Lj. Popović, S. Popov, Đ. Ćosić 
A GIS BASED APPROACH FOR HYDROLOGICAL CONFLICTS ESTIMATION  43 
 
 
International Conference on Information Technology and Development of Education – ITRO 2017 
June, 2017. Zrenjanin, Republic of Serbia 
 
IX 
B. Kiss, D. Radosav, E. Tobolka, E. Eleven, M. Kavalić 
MODERNIZATION OF ELEMENTARY SCHOOL EMPLOYEES ADVANCED 
TRAINING  ................................................................................................................. 49 
 
D. Krstev, A. Krstev, R. Minovski, B. Krstev 
EXPLORING EDUCATIONAL DILEMMAS USING THE SYSTEM DYNAMICS 
AND ARCHETYPES  ................................................................................................. 57 
 
I. Tasić, D. Glušac, D. Karuović, N. Tasić 
PEDAGOGICAL ASPECTS OF E – LEARNING ...................................................... 61 
 
Lj. Stanojević, A. Veljović, M. Ranđelović, M. Papić 
THE EFFECT OF WEB-BASED CLASSROOM RESPONSE SYSTEM ON 
STUDENTS LEARNING OUTCOMES: RESULTS FROM PROGRAMMING 
COURSE ..................................................................................................................... 67 
 
K. Runcev, N. Koceska, T. A. Pacemska 
TANGIBLE USER INTERFACE FOR PRE-SCHOOL CHILDREN LEARNING  ...  73 
 
M. D. Blagojević, B. D. Kuzmanović, M. Ž. Papić 
PREFERABLE E-LEARNING TOOLS – AN ACTION RESEARCH ........................ 77 
 
A. Felbab, D. Radosav, Ž. Eremić, T. Sekulić, E. Tobolka 
THE IMPORTANCE OF DUAL EDUCATION AND ITS REPRESENTATION ON 
THE TERRITORY OF MIDDLE BANAT  ................................................................  80 
 
Basri Saliu 
INTERACTION ON GOOGLE CLASSROOM AND GROUP COMMUNICATION: 
A CASE STUDY OF AN ESP GROUP IN CST AT SOUTH EAST EUROPEAN 
UNIVERSITY ............................................................................................................. 86 
 
V. Brtka, V. Ognjenović, I. Berković, E. Brtka, G. Jotanović, V. Makitan 
THE METHOD FOR THE FORMATION OF GROUPS OF STUDENTS IN A 
COLLABORATIVE LEARNING ..............................................................................  91 
 
N. Aleksić, A. Mišković, A. Antonijević 
THE IMPACT ON VERBAL AND NONVERBAL COMMUNICATION, AS ONE OF 
THE MOST IMPORTANT FACTORS OF QUALITY TEACHING STUDENT – 
TEACHER ..................................................................................................................  95 
 
D. Cvetković, B. Medić, M. Mijatović, M. Mijatović 
SELF-STUDY WITH LANGUGAGE LEARNIG SOFTWARE IN THE WORKPLACE: 
WHAT HAPPENS? ................................................................................................... 101 
 
 
 
International Conference on Information Technology and Development of Education – ITRO 2017 
June, 2017. Zrenjanin, Republic of Serbia 
 
X 
D. Glušac, N. Ljubojev, D. Radosav 
PARENTS’ PERCEPTION OF THE NEEDS FOR IMPLEMENTING MEASURES 
FOR CHILD PROTECTION ON THE INTERNET .................................................. 105 
 
G. Jauševac, Ž. Stojanov, G. Jotanović 
RANKING EDUCATIONAL WEB SITES FOR WEB DESIGN BY USING FUZZY 
SCREENING METHOD ........................................................................................... 113 
 
Ž. Jokšić, D. Tadić, E. Brtka, M. Pardanjac, S. Vranješ 
TRAINING OF MEDICAL STAFF USING THE INTERNET SERVICE ................ 117 
 
J. Kovacević, I. Marković, M. Tot 
MIND MAP AS A TEACHING TOOL ..................................................................... 120 
 
A. Krstev, B. Krstev 
APPLICATION OF MATLAB REDEFINED AND MODIFIED APPLICATIONS TO 
SOLVE PROBLEMS OF INTERACTION OF CHEMICAL ELEMENTS AND THEIR 
IMPACT ON THE ENVIRONMENT ....................................................................... 124 
 
M. Lutovac, Dž. Veljagić, Z. Jovanović 
INFLUENCE OF INTERNET ON TOURISM INDUSTRY ...................................... 128 
 
S. Morača, V. Milanko, M. Pardanjac 
VALUE NETWORKS AND DUAL EDUCATION PROCESS ................................ 135 
 
J. Ollé, Ž. Namestovski 
INSTRUCTIONAL DESIGN IN AN ONLINE ENVIRONMENT ............................ 141 
 
T.A. Pacemska, B. J. Tuneska, G. Makrides,  L.K. Lazarova, M. Miteva, S. Pachemska, 
Z. Trifunov 
INCREASING MOTIVATION FOR LEARNING MATHEMATICS THROUGH 
DEBATE ................................................................................................................... 143 
 
S. Plachkov, E. Tosheva 
APPLICATION CLOUD-BASED SERVICES IN TECHNICAL EDUCATION ...... 148 
 
V. Premčevski 
NEAR FIELD COMMUNICATION, QR CODE AND BARCODE SCANNER 
COMMUNICATION WITH WINDOWS FORM APLICATION ............................. 151 
 
D. Serafimovski, A. Krstev, Z. Zdravev 
CUSTOMIZABLE MOBILE COMPONENTS AS SUPPORTING TOOLS FOR 
BLENDED LEARNING ............................................................................................ 155 
 
 
 
International Conference on Information Technology and Development of Education – ITRO 2017 
June, 2017. Zrenjanin, Republic of Serbia 
 
XI 
B. Sobota, Š. Korečko, P. Pastornický, L. Jacho 
A VIEW TO THE IMPACT OF SOME VR-TECHNOLOGIES IN AN EDUCATION 
OF DISABLED PEOPLE .......................................................................................... 159 
 
Cs. Szabó, J. Saraiva 
FOCUSING SOFTWARE ENGINEERING EDUCATION ON GREEN APPLICATION 
DEVELOPMENT ...................................................................................................... 165 
 
D. Tadić, Ž. Jokšić, M. Pardanjac, D. Milanov, M. Ćoćkalo-Hronjec 
USE OF MODERN COMMUNICATION IN SCHOOLS IN SERBIA ..................... 170 
 
M. Votipka, I. Sekulić, B. Vukmanović, B. Santo, D. Karuović 
ADVANCED ADS WEBSITE .................................................................................. 174 
 
Z. Zeljković, J. Stojanov 
AN APPROACH FOR INCREASING PUPIL'S MOTIVATION - MATHEMATICAL 
TOURNAMENT ....................................................................................................... 178 
 
A. Felbab, M. Pardanjac, E. Tobolka, E. Eleven 
MOTIVATION AS AN INCENTIVE FOR STUDENTS TO ACHIEVE BETTER 
RESULTS WITH THE USE OF MODERN TECHNOLOGY ................................... 182 
 
Z. Trifunov, T.A.Pacemska, L. K. Lazarova, M. Miteva, G. Makrides, P. Trifunov, H. 
Leova, M. Lazarevska 
A METHOD FOR INCREASING THE LEVEL OF KNOWLEDGE IN 
MATHEMATICS ...................................................................................................... 186 
 
A. Krstev, D. Serafimovski, B. Krstev, A. Donev 
BIG DATA ANALYSIS AND APPLICATION OF EXPERIMENTAL RESEARCH IN 
THE HIGHER EDUCATION PROCESS .................................................................. 191 
 
D. Cvetković, B. Medić, M. Mijatović, M. Mijatović  
BLOGS IN AUTONOMOUNS LEARNING ENCOURAGING REFLECTIVE 
PRACTICES .............................................................................................................. 196 
 
M. Bursać, R. Vulović, M. Milosavljević 
COMPARATIVE ANALYSIS OF THE OPEN SOURCE TOOLS INTENDED FOR 
DATA ENCRYPTION .............................................................................................. 202 
 
S. Čolić, M. Kavalić 
NEGATIVE ASPECTS OF USING IT TECHNOLOGIES IN SERBIAN EDUCATION 
SYSTEM ................................................................................................................... 207 
 
B. Zlatanovska, M. Kocaleva, A. Stojanova,  N. Stojkovikj, E. Deleva 
EXAMPLES OF FOLD BIFURCATION IN A ONE-DIMENSIONAL SYSTEMS .. 211 
 
International Conference on Information Technology and Development of Education – ITRO 2017 
June, 2017. Zrenjanin, Republic of Serbia 
 
XII 
T. Novaković, J. Bondžić , S. Popov, Đ. Ćosić 
FLOOD SIMULATION FOR EXPECTED DAMAGE CALCULATION ................. 215 
 
V. Tešin, J. Bushati 
ACTOR SYSTEMS IN ONLINE GAMING .............................................................. 220 
 
I. Tasić, D. Glušac, M. Ćoćkalo-Hronjec, J. Jankov 
THE IMPACT OF PROFESSIONAL DEVELOPMENT OF TEACHERS OF 
TECHNICAL AND INFORMATION EDUCATION ON THE QUALITY OF 
TEACHING ............................................................................................................... 223 
 
M. Kocaleva, A. Stojanova, N. Koceska 
REVIEW: USING PHYSIOLOGICAL PARAMETERS FOR EVALUATING USER 
EXPERIENCE ........................................................................................................... 228 
 
G. Jotanovic, V. Brtka, D. Mandic, G. Jausevac, V. Ognjenovic 
IMPROVEMENT OF THE ASSESSMENT LEVEL OF STUDENT'S ICT 
COMPETENCIES USING TRIANGULAR MEMBERSHIP FUNCTION ................ 233 
 
Lj. Kazi, Z. Kazi, D. Karuović, T. Lojović, O. Latinović Stevanov, D. Vidović 
PRESCHOOL  CHILDRENS’  EXPERIENCES  WITH  COMPUTERS:  A  CASE  
STUDY...................................................................................................................... 237 
 
M. Knezevic, N. Bobinac, D. Vukic, E. Tobolka 
INFORMATION TECHNOLOGY IN THE EDUCATION SYSTEM ....................... 242 
 
M. Bakator, S. Borić, D. Radosav, G. Radić 
CLOUD COMPUTING MODELS FOR E-LEARNING ........................................... 248 
 
M. Bakator, S. Borić, D. Radosav, G. Radić 
INNOVATIVE MODEL OF DUAL EDUCATION THROUGH STUDENT-
ORGANIZATION NETWORKS............................................................................... 253 
 
F. Tsvetanov, S. Sokolov, G. Hristov, I. Georgieva 
INFORMATION EXCHANGE MODELS FOR INTERNET OF THINGS 
TECHNOLOGY ........................................................................................................ 258 
 
M. Sladić, S. Bajić 
USING PHOTOGRAMMETRY AND LASER SCANNING FOR MONITORING OF 
ARCHITECTURAL HERITAGE .............................................................................. 264 
 
N. Stojkovikj, A. Stojanova,  M. Kocaleva,  B. Zlatanovska,  E. Karamazova 
SIMULATION OF QUEUING SYSTEM BASED ON ANYLOGIC ........................ 268 
 
S. Stankovic 
IMPORTANCE OF CRITICAL THINKING IN THE AGE OF INTERNET ............ 274 
International Conference on Information Technology and Development of Education – ITRO 2017 
June, 2017. Zrenjanin, Republic of Serbia 
 
XIII 
T. A. Pachemska,  R. Timovski, M. Lapevski, A. Rushiti 
TWO-LAYER QUALITY ANALYSIS OF UNIVERSITY STUDY PROGRAM 
SUBJECTS USING DEA AND AHP ........................................................................ 277 
 
D. Nikić, D. Radosav, D. Karuović, D. Glušac 
C# ENCIRCLEMENT DEVELOPMENT IN SECONDARY SCHOOL LEVEL 
EDUCATION ............................................................................................................ 284 
 
M. Kovač, N. Siker, D. Karuović 
CREATING GAMES USING JAVA AND PYTHON ............................................... 287 
 
 
 
 
 
 
International Conference on Information Technology and Development of Education – ITRO 2017 
June, 2017. Zrenjanin, Republic of Serbia 
 
73 
Tangible user interface for pre-school children 
learning 
 
K. Runcev, N. Koceska and T. Atanasova-Pacemska 
Faculty of computer science, University Goce Delcev, Stip, Republic of Macedonia 
kostadin_runcev@yahoo.com ; {natasa.koceska, tatjana.pacemska}@ugd.edu.mk 
 
 
Abstract. New information technologies are giving rise to 
new possibilities in education even for the youngest. The 
use of innovative methods in education has the potential 
not only to improve education, but to generate interest in 
various areas, and to motivate children to learn better 
since they use multiple sensory modalities. The concept of 
tangible user interface (TUI) seems the ideal solution for 
preschool children. This paper presents the development 
and evaluation of an interactive educational game that 
uses tangible user interface. The application allows 
children to learn the characteristics and differences 
between animals, on a simple and easy way. They are able 
to manipulate the digital information by selecting and 
positioning physical object, representing the various 
animals. Developed application is augmented with the QR 
codes which enable the system to detect selected animal. 
The developed interactive educational game was evaluated 
with children in one kindergarten, and the results are 
presented in this article. 
I. INTRODUCTION 
Technology development and daily use of 
computers and mobile phones, have a strong 
impact of non-formal education. Various 
education materials, applications, and even games, 
can be used in learning process [1, 2, 3]. For the 
youngest games are the ones that most attract their 
attention, considering the fact that they are 
interesting and fun. But at the same time 
educational games can improve their cognitive 
skills [4], concentration, perception, ability for 
decision making [5], motor skills [6], social and 
emotional skills [7]. Playing games is essential for 
a child’s development and for learning life skills 
[8]. 
One of the emerging research fields in human–
computer interaction (HCI) is concerned with 
finding a new ways of interaction that aim to 
provide a more seamless bridge between the 
physical and digital worlds. Tangible user 
interfaces (TUI) aim to give physical form to 
digital information, employing physical artefacts 
as representations and controls of the 
computational data [9, 10, 11]. TUI can be seen as 
an alternative to GUI (Graphical User Interface) to 
allow direct manipulations: children will be able to 
control the system by selecting and positioning 
physical objects [12]. Games are especially 
prolific in putting into practice the TUI paradigm, 
giving rise to a new generation of games which 
combine traditional physical playing based on the 
manipulation of toys, with the new possibilities of 
digitally augmenting the player’s area with 
computer images and audio feedback [13, 14]. 
This paper presents the design and evaluation 
of an interactive educational game, called Animals 
world that uses tangible user interface. The 
application allows preschool children to learn the 
animals and their characteristics, through fun and 
play. Children used physical object (animals) to 
manipulate the relevant digital information. The 
developed application is augmented with the QR 
codes [15] which enable the system to detect 
selected animal. 
In order to investigate the application’s 
acceptance and its impact on children’s motivation 
for learning, the Animals world application was 
evaluated in real case scenario on a selected set of 
test users. The results of the evaluation have 
shown that this method of learning is interesting 
and at the same time fun and motivating for 
children. 
II. ANIMALS WORLD EDUCATIONAL GAME 
Many children learn animals by watching 
cartoons, collecting albums with stickers, 
browsing books with pictures of various animals 
and playing with musical toys that imitate the 
animals’ sound. Motivated by these ideas, we have 
decided to create an application that will allow 
children to learn animals, in a fun and interesting 
way. The application is designed as an interactive 
educational game that uses TUI for supporting 
children’s play and learning.  It has a simple, but 
colorful design, enriched with interesting 
characters of animals that attract children’ 
attention.  
Background music and sounds are also 
important part of the game. Background music can 
be turned on or off, with a help of the button 
design to be visually meaningful for children, 
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while the sound emitted by the animals can be 
used to identify the displayed animal. 
The first screen of the game shows three menus 
that can be used for choosing different kinds of 
animals: domestic animals, wild animals and both 
(Fig. 1).  
 
Figure 1. Start menu 
After selecting one of the offered menus, the 
animals of a chosen category appear, on a left side 
of a screen, one by one. The user can recognize 
animals by their appearance and sound, and can 
give the answer by selecting the appropriate 
physical toy from a set of available toys. Each 
physical toy has a QR code set on an underside of 
the toy (Fig. 2).
 1
 
 
Figure 2. Toy and QR code 
 
The user needs to put the toy with the QR code 
in front of the computer camera so that it can be 
detected by the application.  The QR code actually 
connects the physical world (toy) with the 
electronic (developed application), thus facilitating 
communication between the children and the 
computer. The application reads the QR code and 
interprets it in a form of an answer. If the answer 
is correct the user gets 1 point. If the answer is 
incorrect the user has another chance to answer. If 
                                                           
1
 QR (Quick Response) code is a form of two dimension bar 
code that can be read on devices such as a mobile device or a 
computer which, once accessed, will allow you to complete an 
action. 
the answer is incorrect in the second attempt then 
the user doesn’t get any points. During the game, 
the user receives notification for correct and 
incorrect answers, visually and with sound. The 
number of earned points are shown at the top left 
corner of the screen, during the game (Fig.3). 
 
 
Figure 3. Screen from Animal World application 
showing the incorrect answer (the selected QR 
code doesn’t correspond to the displayed animal) 
When the game is completed, the player can 
see the total number of earned points as well as 
incorrect answers, so he/she can put more attention 
to these particular animals next time. If the player 
is not satisfied with the result there is an 
opportunity to play the same game again. 
Using points increases the competitive nature 
of the application, which positively affect users’ 
motivation and engagement [16]. 
III. EVALUATION  
The system usability was evaluated from the 
end users perspective. The evaluation was 
conducted in one kindergarten, where a total of 25 
preschool children (12 boys and 13 girls) from 4 to 
6 years were participated. The children were 
familiar with the animals and their characteristics. 
All of them also had some experience using 
computers. 
The experiment was conducted in two steps: 
training phase – when the evaluator explained the 
rules of a game, and shows how the game is 
played, and testing phase – when the actual 
experiment was conducted. 
All children were playing a mixed menu 
consisted of domestic and wild animals. Time 
needed for completing the activity (during the first 
and the second trial), as well as number of correct 
and incorrect answers (in both trials) were 
recorded. 
To evaluate the system usability we used the 
well-known System Usability Scale (SUS) 
questionnaire. The SUS was developed by Brooke 
in 1986 as a tool for usability testing and has been 
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used extensively in evaluating user acceptance of 
various systems. Prior studies have shown that the 
SUS provides a good and valid method of 
assessing interface usability [17].   
The SUS is a simple, ten-item scale that 
evaluate users’ impressions about the system and 
their degrees of satisfaction. It uses 5-point Likert 
scale anchored at 5 = strongly agree and 1 = 
strongly disagree. Because the participants were 
preschool children we have used a smileyometer 
scale (Fig. 4), which is considered to be more 
acceptable for this age group. 
 
Strongly 
agree 
Agree Neutral Disagree Strongly 
disagree 
Figure 4. Smileyometer rating scale 
The SUS questions elucidate the complexity, 
functioning, ease of use, self-efficacy, and 
difficulty level associated with operating the 
system from the user's perspective. To minimize 
bias based on agreement or disagreement, odd-
numbered items of the SUS questionnaire are 
given more points for strong agreement, and even-
numbered items are given more points for strong 
disagreement. After users finishing answering the 
questions, the scale offers a formula which 
transfers the subjective impressions of users into 
the objective data information for analysis. The 
range of possible values is from 0 to 100. The 
higher the score is, the more useful the system is 
and the more easily users can interact with it [18]. 
IV. RESULTS AND DISCUSSIONS 
Results obtained during experiment were 
summarized and processed during the phase of 
data processing. The mean value and standard 
deviation, for both trials are shown in Table 1. 
From the results, it can be observed that 
children need less time for completing the level in 
the first trial, but the error is greater in this trial. 
During the second trial the time for completing the 
level is longer, but the error is smaller, which 
indicates that the children pay more attention 
during the second trial. This again indicates that 
the children are engaged and motivated during the 
play. 
TABLE 1. QUANTITATIVE DATA FOR BOTH TRIALS 
 
No 
Time 
(minutes:seconds) 
Correct Incorrect 
First 
trial 
Second 
trial 
First 
trial 
Second 
trial 
First 
trial 
Second 
trial 
1 05:25 05:38 8 9 2 1 
2 04:15 05:12 9 10 1 0 
3 04:37 04:22 10 10 0 0 
4 05:29 04:45 9 10 1 0 
5 04:34 05:10 8 10 2 0 
6 05:11 04:49 10 10 0 0 
7 04:10 05:11 10 10 0 0 
8 04:26 04:32 9 10 1 0 
9 04:47 05:11 9 9 1 1 
10 05:33 05:47 10 10 0 0 
11 04:44 04:54 10 10 0 0 
12 05:09 05:11 9 10 1 0 
13 04:50 04:25 10 10 0 0 
14 05:10 05:05 10 10 0 0 
15 05:15 05:18 8 9 2 1 
16 04:24 04:36 10 10 0 0 
17 05:25 04:25 10 9 0 1 
18 04:12 04:25 10 10 0 0 
19 05:15 05:41 9 10 1 0 
20 04:10 04:45 9 10 1 0 
21 04:17 04:42 10 10 0 0 
22 05:15 05:37 8 9 2 1 
23 05:32 05:23 9 10 1 0 
24 04:44 04:58 10 10 0 0 
25 05:01 05:15 9 10 1 0 
 
Aver. 
 
04:52 
 
05:00 
 
9,32 
 
9,8 
 
0,68 
 
0,2 
 
St.dev. 
 
0,01972 
 
0,01783 
 
0,74833 
 
0,40825 
 
0,74833 
 
0,40825 
 
To see who has better results by gender, boys 
or girls, we made a sample t-test assuming unequal 
variances. Results from this test shows that p-
value is less than α (p=0.00046; α=0.05), which 
means that there is statistically significant 
difference between the means of two data sets. 
Thus, we reject the null hypothesis which stated 
that there is no difference between boys and girls 
performance, and accept the alternative hypothesis 
which stated that girls perform better than boys.  
Once all participants have finished the game, 
they fill out the SUS questionnaire. The results 
showed that the SUS score is 74.87 (which is 
above the average of 68) with a standard deviation 
of 9.88. The SUS scores ranged from 62.5 to 92.5. 
SUS scores were classified into four major 
categories: exceptional (scores in the 90s or 
above), good (scores in the 80s), acceptable 
(scores in the 70s), and minor usability issues 
(scores below 70).  
On the basis of this classification, 16 percent 
(n=4) of the study participants had exceptional 
usability scores, 20 percent (n = 5) showed good 
scores and 36 percent (n=9) showed acceptable 
scores, while 28 percent (n=7) had a minor 
usability issues. 
TABLE 2  RESULTS FROM SUS QUESTIONNAIRE 
Candidate No SUS Result 
1 80 
2 77.5 
3 82.5 
4 67.5 
5 62,5 
6 77,5 
7 70 
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76 
8 75 
9 62,5 
10 70 
11 82.5 
12 65 
13 70 
14 70 
15 92.5 
16 82,5 
17 62.5 
18 92.5 
19 82,5 
20 62.5 
21 92.5 
22 92,5 
23 75 
24 65 
25 70 
Average 74.87 
 
From the results, we can see that this kind of 
interactive interface is well accepted by children. 
Using TUI as an interface for this game gives a 
new dimension to the game, making it very 
interesting and novel. Anyway, there are still some 
directions for improving the application. 
Participants commented that the game would be 
more interesting and challenging if they were more 
animals included in each of the groups.  Some rare 
animals should be also included, in order to keep 
the attention of older children, because the game 
was too easy for some of them, and they were not 
willing to play the game after second trial. They 
said that the way of interaction is interesting for 
them, but they would like to play a game that 
would be more complicated and would require 
more mental effort. 
V. CONCLUSION 
It is commonly believed that physical action is 
important in learning. TUI used this concept to 
increase the engagement and motivation during the 
learning process. Tangible objects, used during 
TUI interaction, are thought to provide different 
kinds of opportunities for reasoning about the 
world.  
Guided by these findings we have developed an 
interactive educational game that uses tangible 
user interface. The application allows preschool 
children to learn the animals, their characteristics 
as well as sounds they emit. The application was 
evaluated in one kindergarten. The results revealed 
that children have a positive impressions about 
using physical object for interacting with the 
game. They also said that the game is very 
interesting, useful and easy to use, and they wish 
to continue to learn through play.  
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